Study Design: Retrospective cohort study.
Introduction
Dural tears (DTs) are a relatively common complication in spine surgery. A number of studies have examined the incidence of incidental durotomies in the lumbar spine in the setting of degenerative pathology. [1] [2] [3] Rates of incidental durotomy in the literature range from 2% to 20%. 2 Several risk factors for incidental durotomy have been identified, including prior lumbar surgery, older age, female sex, and spinal trauma. [2] [3] [4] [5] [6] Similar investigations have also been performed in the cervical spine. 7 Understanding these risk factors and anticipating and perhaps reducing the risk of durotomies is critical because these complications can have a substantial impact on cost and hospital resource utilization. 8 The incidence of DT and the risk factors for DT have been well described for lumbar, degenerative cases. There is, however, a paucity of literature reporting similar data in an adult spinal deformity (ASD) patient cohort. The only existing references are surveys of the Scoliosis Research Society (SRS) morbidity and mortality database. 9, 10 These studies report a rate of incidental durotomy of 2.9% to 3.4% in adult scoliosis surgery. 9 , 10 Shaw et al also noted that DTs were the most common complication in patients over age 50. 9 However, both of these studies were focused on all complications in scoliosis surgery and did not perform any analysis to determine risk factors for incidental durotomy. They were also limited by the fact that deidentified data was utilized and verification of the data could not be performed beyond the accuracy of SRS members' retrospective data entry.
In order to address these shortcomings, we chose to survey our prospectively gathered, multicenter ASD database. The specific aims of this study were to (1) identify the rate of DTs in patients undergoing ASD surgery, (2) identify risk factors for DTs in ASD, and (3) compare clinical outcomes in patients with and without DTs.
Methods
This study was a retrospective review of a prospectively collected multicenter ASD database maintained by the International Spine Study Group. Patients from 11 sites were enrolled if the following inclusion criteria were met: age !18 years and the presence of spinal deformity. Exclusion criteria included neuromuscular scoliosis, infection, and malignancy. Spinal deformity was defied as follows: scoliosis Cobb angle !20
, sagittal vertical axis !5 cm, pelvic tilt !25 , and/or thoracic kyphosis !60
. Institutional review board approval was obtained prior to enrollment at each study site.
Patients were separated into 2 groups: (1) patients with DT and (2) patients without DT. Demographic data collected included patient age, gender, body mass index, American Society of Anesthesiologists (ASA) classification, history of previous infection, and previous spine surgery. Operative data collected included estimated blood loss, operative time, and intraoperative case details (such as osteotomy type, decompressions, interbody fusions, etc). Postoperative variables such as length of stay, intensive care unit stay, and complication data were also collected for all patients. Reporting of complication included the complication type (eg, neurologic, infectious, etc), the complication time (intraoperative vs postoperative), and complication severity (major vs minor). Complications were classified as major or minor similar to other studies in ASD. 11, 12 A complication was classified as major if it prolonged hospitalization, required reoperation or an invasive intervention, caused prolonged or permanent morbidity, or resulted in death. For example, proximal junctional kyphosis requiring revision surgery was classified as a major complication, while proximal junctional kyphosis not requiring surgery was classified as a minor complication. The list of minor and major complications was similar to a consensus list prepared by ASD surgeons and presented by Christiansen et al. 11 Healthrelated quality-of-life (HRQOL) data collected at baseline, 6 weeks, and 2 years were analyzed; this included the Oswestry Disability Index (ODI), 36-item Short-Form Health Survey (SF-36; Physical Component Score and Mental Component Score), and the Scoliosis Research Society-22 questionnaire (SRS, subdomains: activity, pain, satisfaction, mental, appearance, and total).
Statistical Analysis
Statistical analysis was performed using an independent Student's t test for continuous variables. Categorical variables were compared using the w 2 or Fisher exact test as appropriate; the P value derived from the Fisher exact test was used when cells had an expected count of less than 5. A P < .05 was considered significant. A binary logistic multivariate regression analysis was performed to identify preoperative and demographic risk factors, intraoperative techniques, and the risk of postoperative complications in patients with DTs. This regression analysis controlled for radiographic variables, age, gender, and ASA classification.
Results

Overview
In all 564 patients were identified. Two-year follow-up data was available for 270 patients out of 306 eligible (88.2%). The mean age was 57.02 years (range 18-68), with 21.3% male and 78.7% female patients. The rate of DT in this patient population was 10.8% (n ¼ 61). Of 61 DTs, 58 (95.1%) were identified intraoperatively while the remaining 3 were identified in the perioperative or postoperative period. Most DTs (n ¼ 58, 95.1%) were categorized as minor complications while 3 were classified as major complications.
Demographic and Radiographic Variables
Univariate analysis revealed that patients with DT were older (61.1 vs 56.5 years, P ¼ .005) but with no differences in gender or body mass index (Table 1) . A higher ASA grade was associated with an increased rate of DT (P ¼ .031) as was a history of prior spine surgery (OR ¼ 2.0, 95% CI ¼ 1.2-3.3, P ¼ .007). Radiographically, patients who sustained incidental durotomies had more severe preoperative deformity (Table 2) . DT patients had a higher pelvic tilt (PT; P ¼ .012), lower lumbar lordosis (LL; P ¼ .006), greater pelvic incidence-lumbar lordosis (PI-LL) mismatch (P ¼ .007), greater C7-S1 sagittal vertical axis (SVA; P ¼ .011), and greater T1-pelvis angle (T1PA; P ¼ .003). This difference was apparent even when patients were stratified based on Schwab classification; patients who sustained a DT were more likely to have higher Schwab modifiers for PT (P ¼ .011) and SVA (P ¼ .04; Table 3 ). There was no difference between groups with regard to sacral slope (SS), pelvic incidence (PI), or thoracic kyphosis (TK). In our multivariate analysis, there were no independent preoperative demographic or radiographic risk factors that predisposed patients to DT.
Intraoperative Variables
Patients with DT had a longer operative time (424 vs 375 minutes, P ¼ .008) and were more likely to undergo interbody fusions (IBF; OR ¼ 2.0, 95% CI ¼ 1.1-3.6, P ¼ .021) and decompressions (OR ¼ 2.3, 95% CI ¼ 1.3-4.3, P ¼ .003; Table 4 ). When individual types of IBF were examined, posterior lumbar interbody fusion (PLIF) was the only IBF type that had a significant relationship with DT (OR ¼ 2.9, 95% CI ¼ 1.1-7.5, P ¼ .021). Anterior lumbar interbody fusions (ALIF), transforaminal lumbar interbody fusions (TLIF), and extreme lateral lumbar interbody fusions (XLIF) did not increase the odds of sustaining a DT. Patients undergoing osteotomies were more likely to sustain DT (OR ¼ 2.2, 95% CI ¼ 1.1-4.0, P ¼ .012). When we examined individual types of osteotomies, Smith-Peterson osteotomies (SPO; P ¼ .088) and vertebral column resection (VCR; P ¼ .759) did not affect the risk of DT. Pedicle subtraction osteotomies (PSO), however, significantly increased the likelihood of DT (OR ¼ 2.8, 95% CI ¼ 1.7-4.6, P < .001). Estimated blood loss was higher (2116 mL vs 1658 mL, P ¼ .031) in the DT group, and patients with DT had a longer length of stay (9.8 vs 7.9 days, P ¼ .039). In our multivariate analysis, only decompressions were linked to an increased risk of DT (OR ¼ 3.2, 95% CI ¼ 1.4-7.6, P ¼ .006). Unsurprisingly, cases with DT were associated with a longer operative time (P ¼ .035) in the multivariate analysis as well.
Complications
Because most DTs were identified intraoperatively, DTs were associated with an increased rate of intraoperative complications (P < .001). However, DTs were also associated with an For categorical variables, odds ratios are reported in addition to proportions. For some fields, data was not available for all patients analyzed. In these cases, the number of patients for whom valid data is available are listed. For example, data was available for ASA class on 522 patients. *Significant differences noted (P < .05). Abbreviations: DT, dural tear; non-DT, no dural tear; SS, sacral slope; PT, pelvic tilt; PI, pelvic incidence; PI-LL, pelvic incidence-lumbar lordosis mismatch; LL, lumbar lordosis; TK, thoracic kyphosis; T1PA, greater T1-pelvis angle; SVA, sagittal vertical axis.
a Patients who sustained a dural tear tended to have larger deformities and underwent larger corrections. There were no differences in radiographic characteristics between the 2 groups at 2-year follow-up.
increased rate of perioperative (P ¼ .037) and postoperative (P ¼ .019) complications. Specifically, patients with DT were more likely to have minor (P ¼ .019) postoperative complications but not major (P ¼ .367) postoperative complications (Table 5) . Patients with DT were not more likely to sustain infectious (P ¼ .055), neurologic (P ¼ .066), or wound (P ¼ .068) complications. While infectious complications included pneumonia, urinary tract infections, and other infections, there was no difference in the rate of deep infections between the DT and non-DT cohorts (P ¼ .119). There was no association between DT and perioperative and postoperative complications in our multivariate regression model.
Patient Outcomes
DT and non-DT patients had similar HRQOL scores at baseline. Follow-up HRQOL scores were collected at 6 weeks and 2 years. At both these time points, there were no differences between groups in ODI, SF-36, or SRS-22 total scores and in any subdomains (Table 6) .
Discussion
This article represents the first report on the incidence, risk factors, and outcomes of DTs in ASD surgery. We report a Abbreviations: DT, dural tear; non-DT, no dural tear; PT, pelvic tilt; SVA, sagittal vertical axis; PI-LL, pelvic incidence-lumbar lordosis mismatch. *Significant differences noted (P < .05). Odds ratios are reported for categorical variables. For some fields, data was not available for all patients analyzed. In these cases, the number of patients for whom valid data is available are listed. For example, data was available for osteotomy versus no osteotomy on 556 patients. *Significant differences noted (P < .05).
10.8% rate of DTs in ASD and identify several potential risk factors for DT that might help inform discussions between patients and surgeons. Our multivariate analysis revealed that decompression was the only independent risk factor for DT in ASD surgery. However, in addition to decompression, we identified several potential risk factors based on our univariate analysis. These include IBF, specifically, PLIF, and the use of PSOs. Other findings of note include the fact that patients with DT had larger preoperative deformity and were more likely to have undergone a prior spine procedure. The rate of DT reported in this article is higher than the existing series of ASD patients.
9,10 Shaw et al surveyed the SRS M&M database and reported an overall rate of DT of about 3.4%. An earlier series by Sansur et al also queried the SRS M&M database and reported a rate of DTs of 2.9%. 10 There are several possible reasons for the discrepancy between the rates reported by these trials and our relatively higher rate of DT. First, Shaw et al reported data on a patient population with an average age that is slightly younger than our patient population (51.8 years vs 57.4 years). 9 Additionally, both studies utilize the SRS database. This database consists of deidentified, self-reported member data. This makes it impossible to validate the accuracy of the data and may lend itself to underreporting of complications. Ghobrial et al, for example, reported that the rate of durotomy reported in retrospective trials is significantly lower (4.32%) than the rate of durotomy in prospective trials (9.57%). 2 This discrepancy both highlights the plausibility of our retrospective data and outlines the importance of disciplined data collection and reporting in order to avoid misleading physicians and patients. Indeed, the rate of durotomy reported in this cohort is comparable to that reported by several authors in a degenerative setting. 4, [13] [14] [15] [16] The available data suggests that ASD surgery does not result in a substantially increased risk for DT compared to surgery for degenerative pathology in the lumbar spine.
Our study is also in agreement with several risk factors already identified in the literature focusing on DT in patients with degenerative pathology. As in our study, multiple authors Dural tears themselves were counted as complications. However, 60/61 dural tears were classified as intra-or perioperative complications. The only patient with a dural tear classified as a postoperative complication was excluded from the analysis of postoperative complication rate. The remaining 60 patients still had a higher rate of all postoperative complications. *Significant differences noted (P < .05). have identified revision surgery (prior spine surgery) as a possible risk factor for incidental durotomy. [4] [5] [6] 13 Unfortunately, we were unable to ascertain if the patients' prior surgeries were at the same levels as their current procedure. However, because these patients all underwent long fusions for ASD, it is likely that the location of the prior surgery was encountered during our procedures. Similarly, other authors have identified TLIF 5 and PLIF 17 as risk factors for incidental durotomy. Perhaps not coincidentally, these series report a much higher rate of durotomy (*14%) compared to other series in the literature. Our findings corroborate these results. We showed that interbody fusion and PLIF, in particular, results in an increased risk of DT. Patients with DT had a longer length of stay in our study, which is also similar to other series in the literature. 1, 16, 18, 19 In addition to corroborating the data from existing literature, we provide specific insights that might be of particular interest for deformity surgeons. For instance, we show that patients undergoing osteotomies were at higher risk for DT. When subgroup analysis was performed, we showed that PSOs increased the risk of DT. Surprisingly, VCRs were not found to increase the risk of DT. However, this finding must be interpreted with caution given the small number of VCRs performed our series (n ¼ 25). The fact that techniques such as PSO are associated with a higher risk of DT is in line with our finding that patients with DT have larger sagittal deformities preoperatively. Our study also showed that decompressions were an independent risk factors for DT in ASD patients. In this context, the value of our study is particularly apparent as surgeons who anticipate performing a decompression can guide patients about the increased risk for DTs.
Finally, we showed that DT had no impact on functional outcomes. In our series, patients with DT had no difference in early (6 week) or late (2 year) functional outcomes. While we were not surprised by the fact that DT did not affect late outcomes, it was reassuring to learn that DT had no impact on early functional outcomes in adult patients despite an increased incidence of complications and a longer length of stay in this patient cohort. In that regard, our data allows us to reassure adult patients who have sustained a DT that their long-term outcome is not likely to be affected by this complication.
There are some important limitations to acknowledge. Perhaps the most significant limitation of our study is that we do not have data on how the DT in these patients were repaired. Different strategies for repair such as primary repair, dural patches, and/or the presence of irreparable tears could conceivably have a large impact on both the length of stay and the likelihood of other complications (return to the operating room or lumbar drainage, for example). Unfortunately, the retrospective nature of this database and the time frame over which cases were collected (2008-2014) preclude us from performing a detailed review of the DT repair strategies and the resultant complications. In general, however, the senior authors attempt to perform a primary repair of DT in all cases and augment the repair with dural patches or sealant if necessary. In cases of irreparable tears, dural sealant is used over the spinal canal to prevent cerebrospinal fluid leakage.
The retrospective design of this trail also prevents us from inferring causation and leads to the possibility of underreporting complications. However, the rate of DT reported by this study is similar to other prospective studies, which supports the validity of the auditing methods used by our database. While the ability to study granular questions (such as the impact of specific techniques such as PSO, VCR, etc) in a deformity surgery setting is a unique strength of this study, it is important to note that certain subgroups are necessarily small and limits the statistical power of this investigation. It is possible, for instance, that some trends noted in this article (gender-related changes, for example) would be significant if more patients can be examined. Despite that limitation, to our knowledge, this is the largest series of deformity patients that can examine questions that pertain to preoperative, intraoperative, and postoperative variables in the detailed manner presented above.
In summary, we report an overall rate of DTs of 10.8% in an ASD cohort. We report several risk factors that are in line with currently reported literature but also highlight specific techniques relevant to deformity surgeons (PSO) that might increase the risk of DT. Decompression performed in the setting of deformity surgery was an independent risk factor for DT.
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